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Monday, February 17, 2014 305acardiomyocyte damage following hypoxia/reoxygenation by modulating mito-
chondrial bioenergetics. The aim of the current study was to examine the effect
of DHSB on isolated perfused rat heart and cardiomyocyte cell culture.
Langendorff perfused rat hearts were used to investigate the response of Left
ventricular developed pressure (LVDP), end-diastolic pressure (LVEDP) and
contractility (dP/dtmax) to exposure to 10mM DHSB, 10mM quercetin, with
100nM bradykinin as a positive control. In vitro testing of mitochondrial
network and involvement of adrenergic receptors was performed on cardio-
myocyte cell cultures. Activation of signaling pathways in culture models
was assessed via a CREB-Luciferase reporter system, western blotting and fluo-
rescent Ca2þ probes.
Quercetin treated hearts demonstrated no significant changes from controls.
Bradykinin, as expected, caused vasodilation. DHSB, on the other hand, caused
a prompt and dynamic elevation of LVEDP, heart rate and contractility along
with enlargement and hardening of the organ and ruffling of the ventricular sur-
face during perfusion. Contractility and heart rate were restored during washout
in the DHSB group, while heart rate was reduced to half of the initial value.
Pretreatment with propranolol abolished DHSB induced elevation of heart
rate, LVEDP and contractility but not morphological changes. Western blots
of signalosome fractions indicate that DHSB triggers signalosome formation.
Morphological changes are also evident in the mitochondrial network. CREB
reporter assays indicate that DHSB enhances transcription from the CRE pro-
moter. Additionally, DHSB enhances isoproterenol, but not norepinephrine
induced transcription from the CRE promoter. This effect was not inhibited
by propranolol. The results suggest that DHSB interacts with the adrenergic
signaling pathway, but not at the level of the adrenergic receptors.
Supported by grants P301/11/0662, CZ.1.05/2.1.00/01.0030, and CZ.1.07/
2.3.00/30.0041.
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We previously reported in atrial myocytes that inhibition of PKA by laminin
(LMN)-integrin signaling activates b2-adrenergic receptor (b2-AR) stimulation
of cytosolic phospholipase A2 (cPLA2). Here, we determined the effects of zin-
terol (0.1 mM; zint-b2-AR) to stimulate ICa,L in atrial myocytes in the absence
(þPKA) and presence (-PKA) of the PKA inhibitor (1 mM) KT5720 and
compared these results with atrial myocytes attached to laminin (þLMN). Inhi-
bition of Raf-1 (10 mM GW5074), phospholipase C (PLC; 0.5 mM edelfosine),
PKC (4 mM chelerythrine) or IP3 receptor (IP3R) signaling (2 mM 2-APB)
significantly inhibited zint-b2-AR stimulation of ICa,L in -PKA but not
þPKA myocytes. Western blots showed that zint-b2-AR stimulation increased
ERK1/2 phosphorylation in -PKA compared to þPKA myocytes. Adenoviral
(Adv) expression of dominant negative (dn) -PKCa, dn-Raf-1 or an IP3 affinity
trap, each inhibited zint-b2-AR stimulation of ICa,L in þ LMN myocytes
compared to control þLMN myocytes infected with Adv-bgal. In þLMN my-
ocytes, zint-b2-AR stimulation of ICa,L was enhanced by adenoviral overex-
pression of wild-type cPLA2 and inhibited by double dn-cPLA2S505A/
S515A mutant compared to control þLMN myocytes infected with Adv-bgal.
In -PKA myocytes depletion of intracellular Ca2þ stores by 5 mM thapsigargin
failed to inhibit zint-b2-AR stimulation of ICa,L via cPLA2. However, disrup-
tion of caveolae formation by 10 mM methyl-b-cyclodextrin inhibited zint-b2-
AR stimulation of ICa,L in -PKA myocytes significantly more than in þPKA
myocytes. We conclude that inhibition of PKA removes inhibition of Raf-1
and thereby allows b2-AR stimulation to act via PKCa/Raf-1/MEK/ERK1/2
and IP3-mediated Ca2þ signaling to stimulate cPLA2 signalingwithin caveolae.
These findings may be relevant to the remodeling of b-AR signaling in failing
and/or aging heart, both of which exhibit decreases in adenylate cyclase activity.
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We have demonstrated that the Angiotensin I Converting Enzyme (ACE) acts
as a membrane receptor for Angiotensin II (AngII). Upon binding to ACE withhigh affinity, AngII activates a signaling cascade that generates inositol 1,4,5-
triphosphate (InsP3), culminating in intracellular Ca2þ increase. The goal of
this work was to investigate cellular function that AngII plays through ACE
activation. For that, we used CHO-ACE, CHO-AT1 and melanoma cell line
(Tm-5), as well as, confocal microscopy, immunofluorescence, western blot-
ting, small interfering RNA (siRNA) and BrDU assay. We found that AngII
binds to ACE and this complex is internalized through clathrin, to trigger
preferential nucleoplasmic Ca2þ increase. Since nuclear Ca2þ is known to
regulate cell growth, we then investigated whether the proliferative response
induced by AngII is mediated by ACE activation. We verified that silencing
either ACE or clathrin reduced cell proliferation stimulated by AngII by 33%
or 71% respectively, compared to control (p<0.001). In melanoma cell line
(Tm-5), that was known to expresses mainly ACE instead of the classical AngII
receptor, the AT1, AngII increased cell migration by 75.75 2% compared to
control condition (p<0.05). This data correlated with reduced focal adhesion
formation induced by AngII in the same cell line (154 5 23.9 a.u. for
control vs, 54.95 9.8 a.u. for AngII, p<0.05), Together, these results indicate
a new role for ACE in cell proliferation and migration induced by AngII. More-
over, these findings point ACE signaling as a novel therapeutic target for cancer
treatment.
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Blood pressure mainly depends on vascular tone, which is regulated by several
mechanisms. Some substances like cannabinoids cause vasorelaxation not only
by interacting on cannabinoid receptors (CB1 or CB2) but also by interacting
with some other receptors (TRPV1, GPR55) or with ion channels. The main
TRPV1 agonist (capsaicin) can cause vasorelaxation in several artery prepara-
tions as well. However, there is still lack of evidence to know the mechanism of
action of capsaicin in modulating the vascular tone. Although there are some
reports implicating the role of TRPV1 in the modulation of vascular tone, in
our Lab and in a recent report, it was found that capsaicin caused vasorelaxation
of rat aorta by a mechanism independent of TRPV1. Thus, the aim of this work
was to determine the possible role of CB1 and CB2 receptors on the vasorelax-
ation caused by capsaicin in rat aorta. Our results show, by confocal micro-
scopy, the localization of TRPV1 on endothelial and smooth muscle cells of
rat aorta. However, capsaicin caused vasorelaxation of this artery through a
mechanism independent of TRPV1, since the antagonist capsazepine did not
block the effect of capsaicin. Moreover, as the expression of CB1 and CB2 re-
ceptors has been reported in aorta, we used antagonists for these receptors prior
to the evaluation of capsaicin. In these experiments we found that using the
CB1 antagonist AM281 partially blocked the vasorelaxant effect observed
with capsaicin alone. On the other hand, by incubating with the CB2 antagonist
AM630, we found that capsaicin caused a vasorelaxation similar to control con-
ditions. Thereby, our results show that the vasorelaxant effect of capsaicin on
rat aorta did not depend on TRPV1 or CB2 receptors, but partially depends on
CB1 activation.
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How the components of the G protein-coupled receptor (GPCR) ‘‘signalo-
some’’ assemble and function in the membrane bilayer is not known. Neverthe-
less the highly symmetrical organization of visual receptors (rhodopsin, rho) in
rows-of-dimers suggested by AFM images of the rod cell disk membrane has a
simple and direct consequence: the exposure of one unique surface of the recep-
tor to the lipid phase of the membrane. This organization defines the encounter
complex between rho and the G protein (transducin, Gt), and the orientation of
rho in the dimer is therefore determinant. We have previously identified both
computationally[1] and experimentally[2] a stable rho dimer involving
TM1/TM2 and H8. Here we describe the investigation of alternative receptor
binding modes leading to the identification of a new interface involving
TM5/TM6. PMF analysis of this interface using the MARTINI coarse grain
model indicates a similar order of stability as the TM1/TM2/H8 interface.
However it involves a significant conformational change of a loop as compared
306a Monday, February 17, 2014to the ground state structure we originally used (PDB:1U19). This finding un-
derlines the importance of loop flexibility in membrane protein interactions.
Interestingly, when dimers of rho based on this new interface are arranged
in rows-of-dimers, Gt placed on rho following the arrangement recently
described for Gs on the b2AR correctly embed the lipid anchors of Gta
and Gtg in the lipid phase. We also discuss the pros and cons of the different
models of rho dimers for the visual phototransduction machinery, in the
context of the rows-of-dimers arrangement, the functional implications of
such supramolecular organization, the binding of Gt to rho and the structural,
biochemical and physiological data available and the potential relevance for
other GPCRs.
[1] Periole, et al.(2012)JAmChemSoc134,10959-10965.
[2] Knepp, et al.(2012)Biochemistry51,1819-1821.
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Acting on Mitochondrial P38-MAP Kinase to Open Mitokatp
Keith D. Garlid, Anders O. Garlid.
Portland State University, Portland, OR, USA.
Preconditioning signals move from sarcolemma to mitochondria in signalo-
somes that contain the complete cardioprotective signaling cascade. The
signalosome-mitochondria interaction causes opening of the mitochondrial
ATP-sensitive Kþ channel (mitoKATP) and inhibition of the mitochondrial
permeability transition (Quinlan, et al., Am J Physiol. 295, H953-61, 2008).
Cardiac glycosides inhibit the Na,K-ATPase, and they also act as agonists
for its non-canonical role in cell signaling. This interaction has been shown
to mediate gene transcription and cardioprotection, and it is also required
for the inotropic response. The aim of these studies was to determine whether
ouabain causes signalosomes to be formed and delivered to mitochondria. Rat
hearts perfused with ouabain yielded a signalosome fraction that was caveolar
in nature and enriched with caveolin-3, Src, PKCε and the a1- and a2- sub-
units of the Naþ,Kþ-ATPase. Electron microscopy of purified signalosomes
revealed 140 nM vesicles decorated with immunogold-labeled caveolin-3.
Ouabain signalosomes from heart opened mitoKATP in mitochondria isolated
from untreated hearts. They also opened mitoKATP in liver mitochondria, sug-
gesting that this is a general mechanism of cell signaling. The ouabain signal-
osome was found to interact with the mitochondrial outer membrane through
the combined action of the terminal kinases Src and PKCε. The functional ef-
fects of the ouabain signalosome were blocked by the p38MAPK inhibitor
SB203580, and the signalosome caused phosphorylation of an endogenous
outer membrane p38MAPK. We infer that p38MAPK transmits the signal
to the inner membrane PKCε that phosphorylates mitoKATP and causes it to
open.
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High sensitivity of the vertebrate visual system requires rapid amplification of
single photon absorption events into macroscopic signals at rod cells. The acti-
vation of many transducin proteins by a photoactivated rhodopsin (R*) is
crucial for such amplification, and the speed of this process is limited by the
association rate (k) between transducin and R* which depends on the lateral
collisions of these proteins at the disc membranes. There is evidence suggesting
that rhodopsin proteins (R) can be found forming crystalline structures made of
rows of dimers in the membrane, however, the classic view where R rapidly
diffuses laterally has not been discarded. We study how the organization of
rhodopsin can influence the association rate between R* and transducin. We
performMonte Carlo simulations of the lateral diffusion and collisions of trans-
ducin and rhodopsin proteins in the membrane. Upon collision, a single R* will
bind a transducin with a certain probability. We account explicitly for the
crowding and confinement effects induced by three organizations of rhodopsin
in the membrane: (a) diffusing monomeric R, (b) dispersed static crystals made
of rows of R dimers, and (c) and scenario where the crystals are clumped
together forming a paracrystalline structure. We observed that k differs be-
tween the studied configurations depending on whether the association process
is controlled by diffusion or by the binding reaction. More precisely, the diffu-
sive monomeric scheme results in lower k than the other studied configurations
of R when the association rate is controlled by the binding reaction, and vice
versa when k is controlled by diffusion. We also discuss the effect on the asso-
ciation rate of colocalization of transducin and rhodopsin due to the presence of
membrane rafts in disc membranes.1559-Pos Board B289
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The visual photoreceptor rhodopsin binds a photosensitive ligand 11-cis-retinal
to respond to light stimulation. The regeneration of rhodopsin with 11-cis-
retinal completes the photocycle of visual signaling. The molecular determi-
nants of retinal entry can be assessed by measuring the retinal uptake kinetics
of site-directed rhodopsin mutants. Here we report an assay for this purpose
based on the energy transfer between 11-cis-retinal and a fluorescent probe
covalently attached to the receptor. Previously, we developed an approach
for site-specific labeling of G protein-coupled receptors by combining amber
codon suppression technology and strain-promoted alkyne-azide cycloaddition
reaction[1]. We have demonstrated robust fluorescent labeling of receptors
without generating a cysteine-free background. We utilized this approach to la-
bel rhodopsin with Alexa488 as the FRET donor. Compared to tryptophan fluo-
rescence spectroscopy, our assay exhibits a greater sensitivity and enables the
characterization of mutant with slow retinal uptake kinetics. We showed that
the heterologously expressed rhodopsin labeled at the second intracellular
loop retains the wild-type retinal uptake kinetics. We further introduced a series
of substitutions for the residues located in proximity of the retinal b-ionone
binding pocket. We observed three orders of magnitude changes in retinal up-
take kinetics. By varying the residue substitution we further studied the effect
of hydrogen bonding and sterical hindrance. The insights into retinal entry not
only shed light on a physiologically relevant process, but also facilitate under-
standing of retinal diseases.
[1] H Tian, TP Sakmar, T Huber. Site-specific labeling of genetically encoded
azido groups for multicolor, single-molecule fluorescence imaging of GPCRs.
Methods in Cell Biology. In press.
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Presented is an investigation into how G protein coupled receptors (GPCR)
derive their function from information encoded in their structure. Embedded
in GPCRs, are two potentially coupled aspartate residues that are fundamental
to receptors’ ligand response properties. To better understand the interaction
picture of these residues, a model was developed. In the model, protein geom-
etry was treated as a lattice described by Gaussian network theory. Lattice no-
des are defined as the positions of Ca atoms, and the wavefunction describing
their pairwise interactions represents a multilevel system, with a logical qubit
embedded in the ground state. Increasing the population of the ground state is
achieved through a reduction of local lattice vibrational entropy. Since lattice
vibrational entropy is modulated by the degree of correlation between nodes,
it is therefore dependent upon equilibrium fluctuations of nodes in a given
network arrangement. To investigate equilibrium fluctuations in different lat-
tice configurations, molecular dynamics simulations were performed on
different GPCR conformations. Results from the simulations demonstrated
that the structure of an intermediate agonist bound conformation has reduced
vibrational entropy. Further statistical analysis suggests that the intermediate
conformation has a high potential to induce proton coherence through delocal-
ization in a water wire. Since NMR experiments support this mechanism, it is
proposed that the experimental GPCR free energy surface describes a biolog-
ical quantum logic gate.
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Recent crystallographic structures of G protein-coupled receptors, including
members of the opioid receptor subfamily, have shown inter-protomer contacts
between parallel orientations of the receptors within the crystal. Although it is
tempting to speculate that these parallel arrangements are indicative of physi-
ologically relevant dimeric configurations, it is unclear whether they would
preferentially form within a lipid environment. We have performed a series
of unbiased, coarse-grained molecular dynamics simulations to compare the
ability of mu-, kappa-, and delta-opioid receptors (MOP, KOP and DOP,
respectively) to freely associate into homo- or heteromeric configurations in
